Bose-Einstein condensation in strongly correlated lattices provides the possibility to coherently generate macroscopic quantum states, which have attracted tremendous attention as ideal platforms for quantum simulation to simulate complex many-body problems. Ultracold atoms in optical lattices 1,2 are one of such promising systems, where their realizations of different phases of matter exhibit promising applications in condensed matter physics, chemistry, and cosmology 3 . Nevertheless, this is only accessible with ultralow temperatures in the nano to micro Kelvin scale set by the typical inverse mass of an atom. Alternative systems such as lattices of trapped ions 4 and superconducting circuit arrays 5 also rely on ultracold temperatures.
Exciton polaritons with extremely light effective mass 6 , are regarded as promising alternatives to realize Bose-Einstein condensation in lattices at higher temperatures [7] [8] [9] [10] [11] [12] . Along with the condensation, an efficient exciton polariton quantum simulator 13 would require a strong lattice with robust trapping at each lattice site as well as strong inter-site coupling to allow coherent quantum motion of polaritons within the lattice. A strong lattice can be characterised with a larger forbidden bandgap opening and a larger lattice bandwidth compared to the linewidth.
However, exciton polaritons in a strong lattice have only been shown to condense at liquid helium temperatures [7] [8] [9] [10] [11] [12] . Here, we report the observation of exciton polariton condensation in a one-dimensional strong lead halide perovskite lattice at room temperature. Modulated by deep periodic potentials, the strong lead halide perovskite lattice exhibits a large forbidden bandgap opening up to 13.3 meV and a lattice band up to 8.5 meV wide, which are at least 10 times larger than previous systems. Above a critical density, we observe exciton polariton condensation into py orbital states with long-range spatial coherence at room temperature. Our result opens the route to the implementation of polariton condensates in quantum simulators at room temperature.
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Microcavity exciton polaritons are part-light, part-matter bosons emerging from the quantum hybridization of excitons and microcavity photons. Inheriting strong nonlinearity from their excitonic fractions and low effective mass from their photonic parts, exciton polaritons provide the possibility to achieve Bose-Einstein condensation at much higher temperatures than those of typical ultracold atom cases. Above a critical density, exciton polaritons spontaneously occupy a low energy state to form polariton condensates with collective coherence. Along with the development of microfabrication techniques, one can precisely introduce periodic potentials to trap exciton polariton condensates, forming artificial atoms with sizeable scalability and controllability as solid-state analogues of ultracold atoms in optical lattices. In addition, by means of spin-orbit coupling 14 , magnetic 12 and artificial gauge fields 15 , such exciton polariton condensates in lattices could be manipulated into solitons 16 and topological edge modes 17 , while other works showed the ordering of their spins 18 and topological charges 19 . With these advances, exciton polariton condensates in strong lattices are undoubtedly promising candidates for constructing quantum simulators towards room temperature operation 13, 20, 21 .
Exciton polariton condensation was previously achieved within a one-dimensional weak periodical lattice potential induced by depositing periodic strips of a metallic thin film on the microcavity surface 8 In our experiments, we create a one-dimensional micropillar array connected by channels in a cesium lead halide perovskite λ microcavity characterized by a large vacuum Rabi splitting of ~120 meV and a negative detuning of ~176 meV. As shown in Fig. 2a) , from which we can clearly distinguish a dramatic energy splitting up to ~ 13.3 meV and a smaller linewidth of 6 meV. This large splitting value is at least 10 times larger than that of previous polariton lattice systems 10, 11, 17, 31 , which results from the small size of the micropillars (1.0 µm) and the induced deep potential (~ 433 meV) in our perovskite lattice system. Such large bandgap forbids inter-band transition due to any external perturbation and therefore provides a robust confinement of polaritons within the lattice sites.
Along with the large bandgap, due to the introduction of the channels along the y axis, we also observe a large lattice bandwidth of ~ 8.5 meV, which indicates a large coupling strength (~ 6 2.1 meV) between the nearest neighbour lattice sites. Such large inter-site coupling allows coherent motion of polaritons within the lattice sites.
To further elucidate the band structure of our lattice, we perform real space imaging at different energies (black horizontal dashed line in Fig. 2a ) by using a narrow laser line filter. Ideally, in such a onedimensional confined lattice based on an in-plane isotropic microcavity, polaritons would be more confined along the x axis than the y axis due to the opening of the channels along the y axis, which would result in higher energy of px orbital states than that of py orbital states.
However, such scenario is in sharp contrast to our observation where px orbital states locate at lower energies. The reversal of energy sequence between px and py orbital states is instead explained by the birefringent behaviour in an anisotropic perovskite structure 32 , which results in anisotropic polaritons possessing smaller effective mass along y axis than polaritons along x axis. Such real-space behaviour can be well reproduced in theoretical calculations at similar energies (± 1 meV, blacked dashed lines in Fig. 2g ) as shown in Fig. 2i to Fig. 2l (Methods).
In order to study our lattice system in the nonlinear regime, we use a 400 nm pulsed laser with a pulse duration of 100 fs and repetition rate of 1 kHz which excites the whole lattice.
Under low excitation power of 0.7 Pth in Fig. 3a , the polariton dispersion exhibits the band structure of our lattice system in accordance with by a half period in the middle of the interference pattern (Fig. 4b) , suggesting a π phase shift.
This is caused by the minor displacement between two interfering images which leads to simultaneous overlapping of a lobe with the other two lobes with π phase difference (See Supplementary Information for details).
In conclusion, we have realized a strongly coupled polariton lattice based on a perovskite microcavity at room temperature. The deep periodic potential up to hundreds of meV enables a giant band gap opening up to 13.3 meV, which is one order of magnitude larger than previous GaAs systems. By optical pumping, we are able to create an array of polariton condensates in the py orbital state with long-range spatial coherence at room temperature. Our results reveal a brand-new polariton lattice system that can support polariton condensation at room temperature and simultaneously possess sizeable tunability in terms of potential landscape engineering and lattice design. We anticipate that our work will open the way to polariton lattice based topological polaritonic devices and quantum simulators operating at room temperature. Su 
